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SYSTEM AND METHOD FOR 
AUTOMATICALLY RECOVERING VIDEO 

TOOLS IN A VISION SYSTEM 

FIELD OF THE INVENTION 

The invention relates generally to methods for operating a 
machine vision inspection system With a camera and stage 
that are movable relative to one another in multiple directions 
so as to scan and inspect selected features of a Workpiece on 
the stage, and more particularly to systems and methods that 
automatically recover or augment the operation of video 
based inspection/measuring tools used in such a vision sys 
tem. 

BACKGROUND OF THE INVENTION 

Precision machine vision inspection systems (or “vision 
systems” in short) can be utiliZed to obtain precise dimen 
sional measurements of inspected objects and to inspect vari 
ous other object characteristics. Such systems may include a 
computer, a camera and optical system, and a precision stage 
that is movable in multiple directions so as to alloW the 
camera to scan the features of a Workpiece that is being 
inspected. One exemplary prior art system that is commer 
cially available is the QUICK VISION® series of PC-based 
vision systems and QVPAK® software available from Mitu 
toyo America Corporation (MAC), located in Aurora, Ill. The 
features and operation of the QUICK VISION® series of 
vision systems and the QVPAK® softWare are generally 
described, for example, in the QVPAK 3D CNC Vision Mea 
suring Machine User’s Guide, published January 2003, and 
the QVPAK 3D CNC Vision Measuring Machine Operation 
Guide, published September 1996, each of Which is hereby 
incorporated by reference in their entirety. This product, as 
exempli?ed by the QV-302 Pro model, for example, is able to 
use a microscope-type optical system to provide images of a 
Workpiece at various magni?cations, and move the stage as 
necessary to traverse the Workpiece surface beyond the limits 
of any single video image. A single video image typically 
encompasses only a portion of the Workpiece being observed 
or inspected, given the desired magni?cation, measurement 
resolution, and physical siZe limitations of such systems. 

Machine vision inspection systems generally utiliZe auto 
mated video inspection. US Pat. No. 6,542, l 80 teaches vari 
ous aspects of such automated video inspection and is incor 
porated herein by reference in its entirety. As taught in the 
’l80 patent, automated video inspection metrology instru 
ments generally have a programming capability that alloWs 
an automatic inspection event sequence to be de?ned by the 
user for each particular Workpiece con?guration. This can be 
implemented by text-based programming, for example, or 
through a recording mode Which progressively “leams” the 
inspection event sequence by storing a sequence of machine 
control instructions corresponding to a sequence of inspec 
tion operations performed by a user, or through a combination 
of both methods. Such a recording mode is often referred to as 
“learn mode” or “training mode.” Once the inspection event 
sequence is de?ned in “leam mode,” such a sequence can then 
be used to automatically acquire (and additionally analyZe or 
inspect) images of a Workpiece during “run mode.” 

The machine control instructions including the speci?c 
inspection event sequence (i.e., hoW to acquire each image 
and hoW to analyZe/inspect each acquired image) are gener 
ally stored as a “part program” or “Workpiece program” that 
is speci?c to the particular Workpiece con?guration. For 
example, a part program de?nes hoW to acquire each image, 
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2 
such as hoW to position the camera relative to the Workpiece, 
at What lighting level, at What magni?cation level, etc. Fur 
ther, the part program de?nes hoW to analyZe/ inspect an 
acquired image, for example, by using one or more video 
tools such as edge/boundary detection video tools. 

Proper operation of a video tool depends on correct settings 
of various machine, image, and video tool parameters that 
affect the operation of the tool. For example, for an edge/ 
boundary detection video tool to locate a target edge/bound 
ary in an image, the image should be acquired With a correct 
level of lighting/brightness, focusing, magni?cation, etc. 
Also, the region of interest of a video tool (i.e., the region 
Within a video image that the video tool searches) must be set 
so as to actually contain an edge/boundary feature to be 
detected. 

Generally, the relevant machine and video tool parameters 
that govern acquiring an image of a Workpiece feature and 
inspecting the feature are established and set under rather 
ideal conditions at the outset of de?ning and training a video 
tool, for example during a training mode of operation and 
programming. This is because, generally, an operator 
observes a real-time display of the Workpiece feature and 
adjusts the relevant machine and video tool parameters, such 
as machine positioning, lighting, tool positioning and orien 
tation, and other parameters until they are ob served to be in a 
relatively ideal state for providing an accurate inspection 
result for the feature. HoWever, during subsequent repeated 
automatic operation of the video tool in run mode, various 
unforeseen variations in part fabrication, part ?xturing, vision 
machine degeneration, ambient lighting condition, and the 
like, may contribute to a set of operating conditions that are 
not suitable for the proper operation of the video tool accord 
ing to its previously established operating parameters. Thus, 
conventional video tools may fail to operate properly during 
“run mode” operations, for example, due to one or more 
unexpected variations in operating conditions or Workpiece 
characteristics. Conventional video tools may also fail to 
operate properly during “leam mode” operations, because a 
relatively inexperienced user may be unable to set the relevant 
machine, image, or video tool parameters correctly, due to 
poor understanding of the operation of the tool and/or inex 
perience regarding its application. 

Currently, When a conventional video tool fails to operate 
properly, further operation of the tool is aborted and a user is 
forced to intervene and recover the tool manually, e.g., by 
manually adjusting the camera position relative to the Work 
piece, and/ or adjusting the lighting, and/or adjusting various 
parameters of the video tool. This is a cumbersome and time 
consuming procedure, Which signi?cantly reduces operator 
productivity during learn mode and/or the inspection 
throughput of the vision system during run mode. It also 
requires a fairly high level of skill and experience on the part 
of the operator, in order to analyZe the reason for failure of the 
video tool and provide adjustments to the video tool param 
eters that insure robust operation in the future. 

Therefore, a need exists for a method and system for auto 
matically recovering and/or augmenting the operation of a 
failed video tool, so that the need for operator intervention in 
the case of a failed video tool is reduced or eliminated. 

SUMMARY OF THE INVENTION 

The present invention offers methods and systems for auto 
matically recovering a failed video tool in a vision system. 
According to one aspect, the invention offers a program or 
routine that may be associated or merged With a video tool, or 
“called” upon the occurrence of a video tool failure, to alloW 
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the tool to automatically recover and proceed to provide an 
inspection result. That is, upon encountering a failure, the 
recovery program or routine includes operations that modify, 
reprogram, or otherWise ?x relevant machine, image, and 
video tool parameters that govern acquiring an image of a 
Workpiece feature and inspecting the feature. The relevant 
machine, image, and video tool parameters that govern 
important aspects of acquiring an image of a Workpiece fea 
ture and inspecting the feature are also referred to herein, 
either collectively or individually, as feature inspection 
parameters. 

In various exemplary embodiments of the invention, a 
method for automatically recovering the operations of a video 
tool in a precision machine vision inspection system may 
include an image characteristic analysis phase of recovery 
that includes generally three steps. First, upon detecting a 
video tool failure in relation to a Workpiece feature to be 
inspected, one or more image characteristic values are deter 
mined based on the analysis of an image of the feature, at least 
in a region around the feature. An image characteristic value 
is any value that is indicative of a relevant characteristic or 
quality of an image, such as the image brightness, image 
focus, or the like. Second, for each of the determined image 
characteristic values, it is determined Whether the value falls 
Within an acceptable range, Which may generally be a prede 
termined range, a default range, or a range that depends upon 
one or more current feature inspection parameters.According 
to the characteristic values, the image can be determined to 
be, too dark, too bright, out of focus, etc. Then, third, the 
appropriate feature inspection parameter(s) of the precision 
machine vision inspection system are adjusted so as to bring 
the image characteristic value(s) Within the acceptable range. 
For example, if the average brightness of an image is outside 
an acceptable range, various hardWare/softWare parameters 
that affect the lighting conditions for the image are adjusted. 

In various exemplary embodiments of the invention, mul 
tiple feature inspection parameters are considered, and a 
method of evaluating and correcting a feature inspection 
parameter, similar to that described above, is repeated for 
each of the multiple feature inspection parameters. For 
example, if an image characteristic analysis phase of recovery 
such as that outlined above does not result in the proper 
operation of the video tool, an additional phase of recovery, 
such as a tool/ feature position and orientation analysis phase, 
may be performed in order to adjust other feature inspection 
parameters. Furthermore, if such additional phases of recov 
ery do not result in the proper operation of the video tool, then 
an image enhancement phase of recovery may be included in 
some embodiments of the present invention. 

Regardless of the number of feature inspection parameter 
adjustment operations performed, the order in Which the mul 
tiple feature inspection parameters and their related charac 
teristics are considered may be prede?ned so as to most 
e?iciently complete the automatic tool recovery process. For 
example, a feature inspection parameter Whose proper setting 
is a prerequisite to evaluating and/or adjusting other feature 
inspection parameters may be evaluated and adjusted ?rst, 
While another feature inspection parameter Whose evaluation 
and/ or adjustment is best performed after other parameters 
are properly adjusted may be evaluated and corrected last, 
e.g., in many cases image focus is best evaluated and cor 
rected after the image brightness is evaluated and adjusted. 
Furthermore, a feature inspection parameter that is associated 
With one of the most frequent causes of a tool failure may be 
evaluated and corrected at a relatively early stage, While 
another feature inspection parameter that is associated With a 
less frequent cause of a tool failure may be considered at a 
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4 
relatively early stage. Furthermore, a feature inspection 
parameter that is correctable by adjusting relatively feW, or 
rapidly analyZed and adjusted, hardWare/softWare character 
istics may be evaluated and corrected earlier, While another 
feature inspection parameter that requires adjusting several, 
or relatively sloWly analyZed and adjusted, hardWare/soft 
Ware characteristics may be considered later. 

In accordance With one aspect of the invention, in some 
embodiments a method for automatically recovering a video 
tool calculates one or more image characteristic values 
indicative of image brightness and/or focus of an image. 
Then, if either image characteristic value is determined to be 
outside a prede?ned acceptable range, suitable hardWare/ 
softWare parameters of the precision machine vision inspec 
tion system, such as various lighting control parameters, are 
adjusted so as to bring the image characteristic value Within 
the prede?ned acceptable range. 

In accordance With another aspect of the invention, in 
various embodiments the method may include the step of 
repositioning and/or reorienting the video tool, or, more pre 
cisely, the region of interest of the video tool, relative to the 
feature inspected. This may be accomplished, for example, by 
repositioning the region of interest of the video tool in the 
image, and/or by repositioning the camera relative to the 
Workpiece and acquiring a neW image (if necessary). 

In accordance With another aspect of the invention, in 
various embodiments the method may include the step of 
adjusting various operating parameters of a video tool. For 
example, for various edge detection tools, an edge polarity 
indicator, one or more edge detection thresholds, or other 
edge tool parameters may be adjusted based on various char 
acteristics of a current image. Brie?y, an edge detection 
threshold de?nes the light intensity gradient that a video tool 
recogniZes as indicative of the presence of an edge/boundary 
feature. Thus, by loWering the edge detection threshold of a 
video tool, the method renders the tool more sensitive to even 
“Weak” edges having a small light intensity gradient. In many 
machine vision inspection systems, speci?c values are deter 
mined for one or more edge detection parameters associated 
With a speci?c Workpiece feature, by “training” an edge 
detection tool positioned to inspect the feature, during a learn 
mode of operations. Such training is routinely performed 
automatically during learn mode operations and the associ 
ated parameter values are stored in association With a part 
program for inspecting the associated Workpiece. 

In accordance With another aspect of the present invention, 
in some embodiments, if the adjustment of various feature 
inspection parameters does not result in the proper operation 
of the video tool, one or more image enhancement operations 
may be performed in order to achieve proper operation of the 
video tool. For example, various ?ltering and/or image 
thresholding operations, or the like, may be performed, at 
least in a region of the image around the feature to be 
inspected. The video tool may then be rerun on the resulting 
image. HoWever, in such cases, it is important to use care that 
the image enhancement operations do not signi?cantly alter 
relevant aspects of the feature that is to be inspected, for 
example by shifting the apparent location of an edge, or the 
like. 

In accordance With another aspect of the present invention, 
in some embodiments, if a set of recovery operations fail to 
provide proper operation the video tool, the video tool may be 
replaced by a more robust video tool that provides a similar 
inspection result. For example, a conventional edge detection 
tool that operates based on intensity gradients in the Work 
piece image may fail due to marginal lighting effectiveness, 
or textured surfaces surrounding and obscuring an edge, or 
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the like. In such a case, the recovery operations may include 
replacing the conventional edge detection tool With a bound 
ary detection tool based on color or texture variations, or the 
like. Such a “replacement” tool may not be preferred initially 
because it takes longer to execute, or provides loWer-accuracy 
results, for example. 

In accordance With a further aspect of the present inven 
tion, an automatic tool recovery method is practiced by com 
puter-executable instructions loaded to a control system por 
tion of a precision machine vision inspection system. 

In accordance With a further aspect of the present inven 
tion, in some embodiments, a robust video tool is provided, 
Which is highly tolerant to lighting, focus, position and ori 
entation and Workpiece edge/ surface characteristic ?uctua 
tions, among others. The video tool is con?gured to carry out 
a prede?ned image analysis/ inspection operation on an image 
of an Workpiece to be inspected. Further, the video tool is 
associated With a set of automatic tool recovery instructions 
that automatically attempt to recover the tool When it fails. 
Such instructions may be included in a computer program, for 
example. In some embodiments the instructions are merged 
With, and/or indistinguishable from, the operation of a video 
tool. In other embodiments the instructions comprise a pro 
gram or routine or the like that is stored separately from, but 
operable in association With, the operations of a video tool. In 
various embodiments the automatic tool recovery instruc 
tions may operate according to any one or more of the aspects 
of the invention outlined above. 

In accordance With a further aspect of the invention, in 
various embodiments the operation of the automatic tool 
recovery instructions is con?gurable by a user, either glo 
bally, or in association With the operation of a particular video 
tool, orboth. For example, the user may con?gure the instruc 
tions so that only one or more selected types of feature inspec 
tion parameter adjustments (lighting adjustment, focus 
adjustment, position and orientation adjustment, etc.) are per 
formed by the automatic recovery instructions. As another 
example, the user may specify a tolerance level, or alloWed 
adjustment range, for each type of adjustment that is poten 
tially to be performed by the instructions. 

In accordance With a further aspect of the invention, in 
some embodiments the automatic tool recovery instructions 
are con?gured to keep track of the types of video tools that 
have failed and/or the types of adjustments that have been 
performed to recover each tool, in relation to a particular 
feature, and/or Workpiece, and/ or machine vision inspection 
system. Such data can be compiled and analyZed by the user, 
for example, to investigate the frequent causes of a tool failure 
in order to reduce future tool failures. For example, based on 
the analysis, the user might adjust or repair a machine, and/or 
optimally de?ne various hardWare/softWare parameters for 
the proper operation of each tool, and/or optimally con?gure 
various related recovery operations, either globally, or in 
relation to a particular tool. 

In accordance With another aspect of the present invention, 
in some embodiments, a part program is created “o?line” 
based on CAD data, or the like, and the part program includes 
automatic recovery operations according to this invention. 
The part program created o?line is then initially run to inspect 
an actual Workpiece and the automatic recovery operations 
attempt to recover at least some video tool failures during the 
initial run. When a tool recovery is successful, the adjusted 
feature inspection parameters used for the successful tool 
operation are used to replace the “failed” parameters initially 
included in the part program. The replacement may be done 
manually, based on output reports identifying the adjusted 
feature inspection parameters used for each successful tool 
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6 
recovery, or semi-automatically, or automatically. If the 
replacement Was done semi-automatically, or automatically, 
the instructions Which cause the automatic replacement may 
be disabled or deleted after the replacement, so that the result 
ing neW part program is “stable” unless intentionally changed 
by a user thereafter. The resulting neW part program is stored. 
The neW part program is thereafter used in preference to the 
initial part program for automatic inspection operations. 

In accordance With another aspect of the present invention, 
a part program including automatic recovery operations 
according to this invention is run to inspect an actual Work 
piece and the automatic recovery operations attempt to 
recover at least some video tool failures during the run. The 
part program includes instructions that enable one or more 
adjusted feature inspection parameters used for a successful 
tool recovery to automatically replace the counterpart 
“failed” parameters previously included in the part program. 
In one embodiment, the instructions Which cause the auto 
matic replacement may be disabled or deleted after the 
replacement, so that the resulting neW part program is 
“stable” unless intentionally changed by a user thereafter. In 
another embodiment, the instructions that enable the success 
ful feature inspection parameters to replace the counterpart 
“failed” parameters continually reside in the part program, 
and execution of the instructions may be enabled or disabled 
by the user adding or changing one or more appropriate part 
program control statements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing aspects and many of the attendant advan 
tages of this invention Will become more readily appreciated 
as the same become better understood by reference to the 
folloWing detailed description, When taken in conjunction 
With the accompanying draWings, Wherein: 

FIG. 1 is a diagram shoWing various typical components of 
a machine vision inspection system; 

FIG. 2 is a diagram of a control system portion and a vision 
components portion of a machine vision inspection system; 

FIG. 3A is a How diagram illustrative of one embodiment 
of a routine for automatically recovering a failed video tool in 
accordance With the present invention; 

FIG. 3B is a How diagram illustrative of another embodi 
ment of a routine for automatically recovering a failed video 
tool in accordance With the present invention; 

FIGS. 4A and 4B each depict a How diagram illustrative of 
a routine for repositioning a failed video tool relative to a 
nearest edge feature, Which may be performed as part of 
various embodiments of a routine for automatically recover 
ing a failed video tool; 

FIG. 5 is a How diagram illustrative of a routine for ?nding 
edges in an image, Which may be performed as part of various 
embodiments of a routine for repositioning a failed video tool 
relative to a nearest edge; and 

FIG. 6 is a screenshot illustrating one example of a user 
interface usable to con?gure a set of instructions for auto 
matic tool recovery in accordance With the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

FIG. 1 is a block diagram of one exemplary machine vision 
inspection system 10 in accordance With the present inven 
tion. The machine vision inspection system 10 includes a 
vision measuring machine 12 that is operably connected to 
exchange data and control signals With a controlling com 
puter system 14. The controlling computer system 14 is fur 
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ther operably connected to exchange data and control signals 
With a monitor 16, a printer 18, a joystick 22, a keyboard 24, 
and a mouse 26. The vision measuring machine 12 includes a 
moveable Workpiece stage 32 and an optical imaging system 
34 Which may include a Zoom lens or interchangeable lenses. 
The Zoom lens or interchangeable lenses generally provide 
various magni?cations for the images provided by the optical 
imaging system 34. 

The joystick 22 can typically be used to control the move 
ment of the movable Workpiece stage 32 in both X and Y 
directions, Which are generally parallel to the focal plane of 
the optical imaging system 34. The joystick 22 can also con 
trol the movement of the movable optical imaging system 34 
in the Z or focus direction. Frequently, the Z axis movement 
is controlled by a rotary de?ection component of a handle or 
knob of the joystick 22. The joystick 22 may be provided in a 
form other than that shoWn, such as any visual representation 
or Widget on the monitor 16 Which is intended to function as 
a “virtual motion control device” of the machine vision 
inspection system 10 and is controllable through any com 
puter input device such as the mouse 26 or the like. 

FIG. 2 is a diagram of a control system portion 120 and a 
vision components portion 200 of a machine vision inspec 
tion system 100 in accordance With the present invention. As 
Will be described in more detail beloW, the control system 
portion 120 is utiliZed to control the vision components por 
tion 200. The vision components portion 200 includes an 
optical assembly portion 205, light sources 220, 230 and 240, 
and a Workpiece stage 210 having a central transparent por 
tion 212. The Workpiece stage 210 is controllably movable 
along X andY axes that lie in a plane that is generally parallel 
to the surface of the stage Where a Workpiece 20 may be 
positioned. The optical assembly portion 205 includes a cam 
era system 260, an interchangeable objective lens 250, and 
may include a turret lens assembly 280, and the coaxial light 
source 23 0. Alternatively to the turret lens assembly, a ?xed or 
manually interchangeable magni?cation-altering lens, or a 
Zoom lens con?guration, or the like, may be included. The 
optical assembly portion 205 is controllably movable along a 
Z axis that is generally orthogonal to the X andY axes, by 
using a controllable motor 294, as described further beloW. 
A Workpiece 20 that is to be imaged using the machine 

vision inspection system 100 is placed on the Workpiece stage 
210. One or more ofthe light sources 220, 230 and 240 emits 
source light 222, 232, or 242, respectively, that is usable to 
illuminate the Workpiece 20. Light emitted by the light 
sources 220, 230 and/or 240 illuminates the Workpiece 20 and 
is re?ected or transmitted as Workpiece light 255, Which 
passes through the interchangeable objective lens 250 and the 
turret lens assembly 280 and is gathered by the camera system 
260. The image of the Workpiece 20, captured by the camera 
system 260, is output on a signal line 262 to the control system 
portion 120. 

The light sources 220, 230, and 240 that are used to illu 
minate the Workpiece 20 can include a stage light 220, a 
coaxial light 230, and a surface light 240, such as a ring light 
or a programmable ring light, all connected to the control 
system portion 120 through signal lines or busses 221, 231 
and 241, respectively. As a primary optical assembly of the 
machine vision inspection system 100, the optical assembly 
portion 205 may include, in addition to the previously dis 
cussed components, other lenses, and other optical elements 
such as apertures, beam-splitters and the like, such as may be 
needed for providing coaxial illumination, or other desirable 
machine vision inspection system features. When it is 
included as a secondary optical assembly of the machine 
vision inspection system 100, the turret lens assembly 280 
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8 
includes at least a ?rst turret lens position and lens 286 and a 
second turret lens position and lens 288. The control system 
portion 120 rotates the turret lens assembly 280 along axis 
284, betWeen at least the ?rst and second turret lens positions, 
through a signal line or bus 281. 
The distance betWeen the Workpiece stage 210 and the 

optical assembly portion 205 can be adjusted to change the 
focus of the image of the Workpiece 20 captured by the 
camera system 260. In particular, in various exemplary 
embodiments, the optical assembly portion 205 is movable in 
the vertical Z axis direction relative to the Workpiece stage 
210 using a controllable motor 294 that drives an actuator, a 
connecting cable, or the like, to move the optical assembly 
portion 205 along the Z axis. The term Z axis, as used herein, 
refers to the axis that is intended to be used for focusing the 
image obtained by the optical assembly portion 205. The 
controllable motor 294, When used, is connected to the input/ 
output interface 130 via a signal line 296. 
As shoWn in FIG. 2, in various exemplary embodiments, 

the control system portion 120 includes a controller 125, an 
input/output interface 130, a memory 140, a Workpiece pro 
gram generator and executor 170, a CAD ?le feature extractor 
180, and a poWer supply portion 190. It Will be appreciated 
that each of these components, as Well as the additional com 
ponents described beloW, may be interconnected by one or 
more data/control buses and/or application programming 
interfaces, or by direct connections betWeen the various ele 
ments. 

The input/output interface 130 includes an imaging control 
interface 131, a motion control interface 132, a lighting con 
trol interface 133, and a lens control interface 134. The 
motion control interface 132 includes a position control ele 
ment 132a, and a speed/acceleration control element 1321). 
However, it should be appreciated that in various exemplary 
embodiments, such elements may be merged and/ or indistin 
guishable. The lighting control interface 133 includes light 
ing control elements 133a-133n Which control, for example, 
the selection, poWer, on/ off sWitch, and strobe pulse timing if 
applicable, for the various corresponding light sources of the 
machine vision inspection system 100, such as the light 
sources 220, 230, and 240. 
The memory 140 includes an image ?le memory portion 

141, a Workpiece program memory portion 142 that may 
include one or more part programs, or the like, and a video 
tool portion 143. The video tool portion 143 includes tool 
portions 143a-143m, Which determine the GUI, image pro 
cessing operation, etc., for each of the corresponding tools. 
The video tool portion 143 also includes a region of interest 
generator 143x that supports automatic, semi-automatic and/ 
or manual operations that de?ne various regions of interest 
that are operable in various video tools included in the video 
tool portion 143. In general, the memory portion 140 stores 
data usable to operate the vision system components portion 
200 to capture or acquire an image of the Workpiece 20 such 
that the acquired image of the Workpiece 20 has desired image 
characteristics. The memory portion 140 further stores data 
usable to operate the machine vision inspection system 100 to 
perform various inspection and measurement operations on 
the acquired images, either manually or automatically, and to 
output the results through the input/ output interface 130. The 
memory portion 140 also contains data de?ning a graphical 
user interface operable through the input/output interface 
130. 
The signal lines or busses 221, 231 and 241 of the stage 

light 220, the coaxial light 230, and the surface light 240, 
respectively, are all connected to the input/output interface 
130. The signal line 262 from the camera system 260 and the 
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signal line 296 from the controllable motor 294 are connected 
to the input/output interface 130. In addition to carrying 
image data, the signal line 262 may carry a signal from the 
controller 125 that initiates image acquisition. 
One or more display devices 136 and one or more input 

devices 138 can also be connected to the input/output inter 
face 130. The display devices 136 and input devices 138 can 
be used to vieW, create and/or modify part programs, to vieW 
the images captured by the camera system 260, and/or to 
directly control the vision system components portion 200. In 
a fully automated system having a prede?ned part program 
(or Workpiece program), the display devices 136 and/or the 
input devices 138 may be omitted. 

With regard to the CAD ?le feature extractor 180, infor 
mation, such as a CAD ?le representing a Workpiece, or a 
previous image of a substantially identical Workpiece, is fre 
quently available in industrial applications of machine vision 
inspection systems. In the case of a CAD ?le representation, 
it shouldbe appreciated that the locations of edges andbound 
aries in the CAD ?le representation may be determined 
manually, in a semi-automated fashion, or fully automatically 
from a CAD representation, by a variety of knoWn methods of 
CAD ?le feature extraction. 

In various exemplary embodiments, When a user utiliZes 
the machine vision inspection system 100 to create a Work 
piece image acquisition program for the Workpiece 20, the 
user generates Workpiece program instructions either by 
explicitly coding the instructions automatically, semi-auto 
matically, or manually, using a Workpiece programming lan 
guage, or by generating the instructions by moving the 
machine vision inspection system 100 through an image 
acquisition training sequence such that the workpiece pro 
gram instructions capture the training sequence. This process 
is repeated for multiple images in a set of images that are to be 
captured. These instructions, When executed, Will cause the 
machine vision inspection system to manipulate the Work 
piece stage 210 and/or the camera system 260 at certain 
speed(s) such that a particular portion of the Workpiece 20 is 
Within the ?eld of vieW of the camera system 260 and at a 
desired focus state for each of a set of images to be acquired. 
In addition to the program instructions that control the rela 
tive movement of the camera and the Workpiece, the Work 
piece image acquisition program also needs to include pro 
gram instructions that activate one or more of the light sources 
220-240 to provide a desired illumination of the Workpiece 20 
during each image acquisition. 
Once a set of Workpiece image acquisition instructions are 

de?ned, in various exemplary embodiments of the present 
invention, the control system 120 executes the instructions 
and commands the camera system 260 to capture one or more 
images of the Workpiece 20 according to the instructions. The 
control system 120 Will then, under control of the controller 
125, input the captured image(s) through the input/output 
interface 130 and store the captured image(s) in the memory 
140. The controller 125 may also display the captured images 
on the display device 136. 

The control system portion 120 is further usable to recall 
captured and stored Workpiece inspection images, to inspect 
and analyZe Workpiece features in such Workpiece inspection 
images, and to store and/or output the inspection results. 
These methods are typically embodied in various video tools 
included in the video tool portion 143 of the memory 140. 
Such tools may include, for example, edge/boundary detec 
tion tools (one example of Which is disclosed in Us. patent 
application Ser. No. 09/987,986, incorporated by reference 
herein), shape or pattern matching tools, dimension measur 
ing tools, coordinate matching tools, and the like. For 
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10 
example, such tools are routinely used in a variety of com 
mercially available machine vision inspection systems, such 
as the QUICK VISION® series of vision systems and the 
associated QVPAK® softWare, discussed above. 

Video edge/boundary detection tools available in 
QVPAK® softWare include, for example, Point tool, Box 
tool, Circle tool, and Arc tool (see QVPAK 3D CNC Vision 
Measuring Machine User’s Guide, incorporated by reference 
above). Brie?y, a Point tool generates (locates) a data point at 
the intersection of a single scan line on an image. A Box tool 
generates a series of parallel scan lines, each of Which returns 
a data point Where an edge feature is found. A Circle tool 
generates a series of radial scan lines through 360 degrees 
centered about an origin, each of Which returns a point Where 
an edge feature is found. An Arc tool generates a series of 
radial scan lines centered about an origin, each of Which 
returns a point Where an edge feature is found (useful for 
returning data points from a rounded corner, for example). 
Each of these tools is used to automatically detect a particular 
edge/boundary feature in an image. 

After the image inspection/analysis operation using one or 
more of these video tools is completed, the control system 
120 outputs the results of each analysis/inspection operation 
to the input/ output interface for outputting to various display 
devices 136, such as a video display, printer, and the like. The 
control system 120 may also store the results of each inspec 
tion operation in the memory 140. 
As discussed in the background section above, a video tool 
may fail to operate properly for various reasons, for 
example, When at least some of the parameters that affect 
the operation of the video tool are incorrectly set or various 
unforeseen variations in part fabrication, part ?xturing, 
vision machine degeneration, ambient lighting condition, 
and the like, contribute to a set of operating conditions that 
are not suitable for the proper operation of the video tool 
according to its previously established operating param 
eters. When a video tool fails, the control system 120 
outputs an error message, for example, on a video display, 
notifying the user that the operation of the tool has failed to 
produce any analysis/inspection results. In such a case, 
previously, the user Was forced to recover the tool manu 
ally. The present invention, on the other hand, is directed to 
providing a method and system for automatically recover 
ing a failed video tool, for example, according to automatic 
recovery instructions that may be included in one or more 
portions of the memory 140. 
FIG. 3A is a How chart illustrating one relatively general 

embodiment of an automatic tool recovery routine 300 in 
accordance With the present invention. After a tool fails to 
operate properly in a current image, at block 301, the current 
image is analyZed to determine and record various relevant 
image characteristics. For example, an average brightness of 
the image, a number of oversaturated pixels in the image, a 
value indicating the focus state of the image, etc., are calcu 
lated and recorded. As used herein, image characteristic val 
ues include any value that is indicative of some characteristic 
or quality of an acquired image. In some cases, the image 
characteristics value may simply be a representation of the 
presence or absence of a condition or characteristic. Various 
methods and video tools that are useful for determining such 
image characteristic values (for example, average brightness, 
oversaturation, focus state, etc.) are available, for example, in 
the QVPAK® softWare discussed above. The previously 
incorporated ’ l 80 patent and ’986 application describe meth 
ods for determining image characteristics related to edge 
visibility, contrast, and other characteristics that may be 
applicable for various images, in greater detail. Other useful 



US 7,454,053 B2 
11 

characteristics and methods of their determination Will be 
apparent to one skilled in the art, on the basis on this disclo 
sure. 

At a decision block 302, an evaluation is made Whether the 
various relevant image characteristics determined in the 
operations of block 301 are acceptable. In some cases, quan 
titative values are compared to an acceptance range. In other 
cases, presence or absence indicators are compared to their 
desired states. In any case, if all of the evaluated image char 
acteristics are acceptable then operation jumps to the opera 
tions of block 306. If any of the evaluated image characteris 
tics are not acceptable, then operation continues at the 
operations of block 303. 

In the operations of block 303, appropriate feature inspec 
tion parameters (in this case, one or more image acquisition 
parameters) are adjusted to make the evaluated image char 
acteristics acceptable. For example, if at block 302 the aver 
age brightness or intensity value of the image Was determined 
to be too loW, at block 303 the hardWare/softWare parameters 
affecting the average brightness value, such as a light poWer 
level parameter, are adjusted. As another example, one or 
more evaluation tools such as the tools disclosed in the pre 
viously incorporated ’ l 80 patent and ’986 application may be 
automatically run, and the appropriate image acquisition 
parameters and/or tool parameters may be automatically 
adjusted according to the results. As another example, a com 
prehensive automatic lighting selection and adjustment tool 
such as that disclosed in US. Pat. No. 6,627,863 to Wasser 
man, Which is incorporated herein by reference in its entirety, 
may be used. Similarly, autofocus tools included in many 
commercially available machine vision inspection systems 
may be used. As a further example, appropriate image acqui 
sition parameters and/ or tool parameters may be varied Within 
a reasonable range from their initial settings, and the image 
characteristic results of each variation evaluated until accept 
able image characteristic results are obtained, or, alterna 
tively, until the video tool operates properly. More generally, 
the parameter adjustment may be performed according to any 
noW knoWn or later developed methods. 

Once the appropriate image acquisition parameters are 
adjusted and the evaluated image characteristics are made 
acceptable at block 303, at block 304 the video tool is run 
based on the resulting adjusted image. Of course, if the video 
tool Was run for the same image as part of a parameter adjust 
ment evaluation in the operations of block 3 03, then, in effect, 
the operations of block 304 have been performed. In either 
case, after the video tool is run, according to the operations at 
a decision block 305, if the tool ran properly, then the opera 
tions of block 305' (if implemented) are performed and/ or the 
routine ends. 

The operations of block 305' may be implemented in vari 
ous embodiments or applications of the routine 300, if 
desired. The operations of block 305' prepare and output or 
store a “tool recovery report”. Such a report may identify the 
type of tool failure that occurred and What feature inspection 
parameter adjustments Were made in order for the tool to 
recover, for example. Such a report may be useful for detect 
ing or diagnosing machine degradation, unexpected or neWly 
arising part fabrication variations, or the like. In applications 
Where a part program is run repeatedly on similar parts, a 
series of such reports may be analyZed for failure and recov 
ery trends in order to detect “process drift” for a part fabrica 
tion process, identify the need for preventative maintenance 
for the machine vision systems, or they may be useful for 
identifying one or more “best” or average feature inspection 
parameter adjustments that could permanently replace fail 
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ure-prone counterpart parameters in the part program instruc 
tions, to prevent or reduce video tool failures during subse 
quent Workpiece inspections. 
On the other hand, if the tool failed to operate properly in 

the current adjusted image, then operation continues from 
block 305 to the operations of a decision block 306. In the 
operations of the decision block 306, it is decided Whether 
there is another feature inspection parameter to be evaluated 
and adjusted for the current video tool. In some embodiments 
or applications Where it is previously determined that it is too 
risky to automatically correct some potential causes of video 
tool failure (for example because the features in the image(s) 
are typically highly textured, or noisy, or various features are 
located particularly close together, or the like), automatic tool 
recovery operations may be con?gured to adjust some “loW 
risk” parameters (such as those that affect lighting, for 
example) in an attempt to recover a failed tool, but to avoid 
those parameter adjustments that are considered to be “high 
risk” (for example, repositioning a video tool among closely 
spaced, highly textured, features.) This is a conservative 
approach that tends to decrease the chance of erroneous 
inspection results While increasing the need for operator inter 
vention to recover a failed video tool. Conversely, in some 
embodiments or applications Where many types of automatic 
parameter adjustments are loW-risk (for example, When a 
Workpiece feature to be inspected is generally suf?ciently 
isolated on a predictably loW-texture Workpiece) automatic 
tool recovery operations may be con?gured to attempt to 
adjust all available automatically-adjustable parameters. 
Thus, the speci?c types of parameters, or individual param 
eters, that are to be included in automatic recovery attempts, 
may be speci?ed as a default condition in various embodi 
ments, or con?gured for a particular application or individual 
feature or video tool in various other embodiments (for 
example based on operator input during learn mode opera 
tions.) In any case, the alloWable automatic parameter adjust 
ment candidates are de?ned in a manner that supports the 
decision operations of decision block 306. If there are no 
additional feature inspection parameters to be evaluated and 
adjusted at the decision block 306, either due to their prohi 
bition, or because their attempted adjustment has been 
exhausted, then operation continues to block 307, Where a 
tool failure indicator and/ or report is output, and the routine 
ends. The failure indicator may alert a user to intervene to 
achieve the proper operation of the tool. For example, failure 
of the video tool may be due to a mechanical malfunction that 
cannot be corrected by adjusting hardWare/softWare param 
eters (e.g., the light bulb is out) and accordingly user inter 
vention may be required. 
On the other hand, if it is decided at decision block 306 that 

there is another feature inspection parameter to be evaluated 
and adjusted for the current video tool, then the operations of 
a block 308 are performed. At block 308, the current image 
(Which may generally be an “improved” image resulting from 
previous parameter adjustments in the routine 300) is ana 
lyZed relative to certain characteristics and/ or processes and/ 
or parameters associated With the current feature inspection 
parameter to be evaluated and adjusted. For example, if the 
feature inspection parameter to be evaluated is a parameter 
related to insuring that the expected feature, such as an edge, 
is present in the video tool region of interest in the current 
image, then the region of interest may be examined to deter 
mine the presence and/ or magnitude of any intensity gradi 
ents indicative of the edge. (It should be appreciated that the 
requirements for indicating the presence of an edge may be 
different than those required for accurately measuring the 
edge location.) Then, at a block 309, the results for the various 
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characteristics or factors analyzed in the operations of block 
308 are evaluated to determine Whether they are acceptable 
for supporting the proper operation of the video tool. If the 
results are acceptable, then operation returns to the decision 
block 3 06 Where it is decided Whether there is another feature 
inspection parameter to be evaluated and adjusted. Other 
Wise, if the results are unacceptable, then operations continue 
at the block 310. 

In the operations of block 310, appropriate feature inspec 
tion parameters are adjusted such that the characteristics and/ 
or processes and/or parameters associated With the current 
feature inspection parameter are acceptable for providing 
proper operation of the tool. For example, if at decision block 
309 it Was decided that no gradients indicative of an edge 
Were found in the region of interest of an edge tool, then at 
block 310 operations may be performed to search Within a 
reasonable tolerance range around the region of interest, in 
order to locate the (presumed) misaligned edge feature and 
adjust the region of interest location parameters accordingly. 
Such operations are described in greater detail beloW. Once 
such corrections are made to insure that the current feature 
inspection parameter(s) support proper operation of the tool, 
operation returns to block 304, Where the tool is run again 
based on the adjusted parameters. The operations of blocks 
304-310 are repeated until the routine ends either because the 
tool runs successfully, or because the adjustment parameters 
that are alloWed or available for automatic recovery opera 
tions are exhausted Without success. 

As more fully described beloW, in various exemplary 
embodiments of the present invention, the order in Which 
various image characteristics and/or other feature inspection 
parameters are considered is important for maximizing the 
ef?ciency in tool recovery. Speci?cally, some image and/or 
tool parameters have to be evaluated and/or adjusted ?rst to 
alloW evaluation and/ or adjustment of other parameters (eg 
image focus can be best evaluated and adjusted after it is 
insured that image brightness is adjusted correctly). Another 
consideration is that some reasons for a tool failure occur 

more frequently than others, providing a reason to evaluate 
the related parameters early in an automatic recovery 
sequence. Another consideration is that some feature inspec 
tion parameters are easier or faster to correct than others. For 
example, When LED lighting is used, lighting variations can 
be evaluated, adjusted, and tested, much faster than a Work 
piece can be repositioned. Accordingly, adjusting such “rap 
idly adjustable” parameters early in a recovery sequence may 
result in faster execution of the recovery in many cases. 
Accordingly, those image characteristic values that manifest 
more frequent reasons for a tool failure and/or are easier to 
correct and/or have to be corrected to enable evaluation and/ 
or correction of other parameters should be considered and 
corrected ?rst in order to most e?iciently complete the auto 
matic tool recovery process. In various exemplary embodi 
ments of the present invention, for example, image character 
istic values indicative of the lighting and/or focusing quality 
of an acquired image are considered and corrected ?rst, as 
Will be more fully described beloW in reference to FIG. 3B. 

It should be appreciated that using knoWn fuZZy logic or 
neural programming training methods, associations can be 
“predetermined” betWeen the results of the characteristic 
analyses performed in the operations of blocks 301 and 308, 
and the parameters that are generally effective for correcting 
the observed pattern of results from the characteristic analy 
sis. That is, “classi?ers” may be developed or trained accord 
ing to knoWn methods using a set of typical images and 
failures. The classi?ers may be applied to the results of the 
characteristic analyses, for example in the operations of the 
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blocks 302-303 and/or 308-309, in order to classify the results 
and select the corresponding parameter adjustments that are 
knoWn to be effective for correcting that class of failures. 
Such methods are knoWn to provide robust and rapid failure 
analysis in many applications. HoWever, even When such 
techniques are used, it may still be advantageous to ?rst apply 
a ?rst set of classi?ers to a ?rst set of characteristics appro 
priate to those characteristic values that manifest more fre 
quent reasons for a tool failure and/or are easier or faster to 
correct and/or have to be corrected to enable evaluation and/ 
or correction of other parameters. This may be folloWed by 
applying a second set of classi?ers to a second set of charac 
teristics appropriate to those characteristic values that mani 
fest less frequent reasons for a tool failure and/or are more 
dif?cult or time consuming to correct and/or that are best 
corrected after the correction of other parameters, in order to 
most e?iciently complete the automatic tool recovery pro 
cess. For example, the ?rst set of characteristics and classi? 
ers may relate primarily to image acquisition parameters 
related to brightness and focus, and the second set of charac 
teristics and classi?ers may relate to feature inspection 
parameters that require a properly illuminated and focused 
image for their evaluation and adjustment, Which may 
include, for example, parameters related to positioning, ori 
entation, and/or feature-speci?c edge detection parameters 
that can insure accurate measurement results (Which may 
include a gradient-related threshold parameter and/or inten 
sity-change-across-the-edge threshold parameter, for 
example), and the like. 

FIG. 3B is a How chart illustrating a relatively detailed 
routine 315 that is one possible speci?c embodiment for 
automatically recovering a video tool. The routine 315 
involves addressing generally four types of reasons that may 
have caused a video tool to fail: improper lighting, improper 
focus, improper positioning or orientation of a video tool 
relative to a feature in an image, and one or more improper 
edge detection parameters. The routine 315 addresses these 
reasons in this order because in many cases correcting some 
potential reasons for a tool failure is a prerequisite for the 
reliable evaluation and correction of other failure reasons 
(e.g. evaluating focus is best or most reliably done only after 
a proper image illumination level is ensured). It should be 
apparent to one skilled in the art that the order in Which these 
various reasons are addressed may be changed depending on 
various assumptions or judgments that are valid for a speci?c 
application, and further that more or feWer reasons may be 
addressed in a particular routine depending on a speci?c 
application. The order presented in routine 315 is generally 
advantageous for the combination of failure causes and 
parameter adjustments considered in the routine. 

At block 316, When a video tool fails, the operations at 
decision block 318 commence, Where the brightness of an 
image is evaluated and it is determined Whether it is Within an 
acceptable range. For example, Within the video tool’ s region 
of interest, an average brightness and/or a number of over 
saturated pixels is calculated and compared against a pre 
de?ned acceptable range for each value. If the brightness of 
an image is not Within an acceptable range, at least in the 
region of interest, then at block 320 suitable hardWare/soft 
Ware parameters that affect the brightness of an acquired 
image are adjusted. For example, the number/types of light 
sources to be used and the light poWer level of each light 
source may be adjusted. In this connection, various tools that 
automatically or semi-automatically set an optimal lighting 
level may be used. For example, the methods described in the 
previously incorporated ’863 patent, or Lighting WizardTM 
available in the QVPAK® softWare, discussed above, may be 
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used. Brie?y, Lighting WizardTM automatically ?nds an opti 
mal lighting level for acquiring an image by taking several 
images at different combinations of lighting settings, simu 
lating and interpolating further combinations of lighting set 
tings by selectively superimposing simulated images, and 
identifying an optimal combination of lighting settings based 
on the best simulated/interpolated image. As another 
example, a Dual Area Contrast tool may be used, Which uses 
a the method described in the previously incorporated ’l80 
patent, or available in the QVPAK® software discussed 
above, to repeatedly and automatically analyze tWo selected 
image areas on opposite sides of an edge, and adjust the 
lighting to maximize the brightness and/ or contrast difference 
betWeen the tWo areas, to enhance the gradient that de?nes the 
edge. After suitable hardWare/softWare parameters have been 
adjusted to presumably correct the brightness of an image, or 
When at block 318 it is determined that the brightness of the 
image is already Within an acceptable range and needs no 
adjustment, then at block 322 it is determined Whether the 
focus of an image is Within an acceptable range. To this end, 
various tools or methods that automatically or semi-automati 
cally determine the focus state of an image, Which are noW 
available or may be developed in the future, may be used. If 
the focus is determined to be unacceptable, then at block 324, 
suitable hardWare/softWare parameters that affect the focus 
state are adjusted. For example, the distance betWeen the 
Workpiece stage 210 and the optical assembly portion 205 
(see FIG. 2) canbe adjusted to change the focus.Also, various 
tools that automatically or semi-automatically achieve an 
optimal focus may be used. For example, the AutoFocus tool 
available in QVPAK® software, discussed above, may be 
used, Which takes plural images of a portion of the Workpiece 
While adjusting the camera along the Z axis relative to the 
Workpiece, and based on the analysis of the acquired images 
selects the camera position that produces the best-focused 
image. 

After suitable hardWare/ software parameters have been 
adjusted to presumably correct the focus state of an image, or 
When at block 322 it is determined that the focus of the image 
is already Within an acceptable range and needs no adjust 
ment, then at block 326 the video tool is re-rerun. Alterna 
tively, note that it is possible to re-run the tool right after the 
brightness adjustment is done at block 320 and before the 
image focus is checked at block 322 (for example if an image 
is acquired to evaluate any lighting adjustments, it may be 
trivial to run the tool as Well), though in various applications 
it may be more ef?cient to re-run the tool after both the 
brightness and focus adjustments are completed because 
either one or both of these in combination are frequently the 
reasons for a tool failure. Of course if no adjustments have 
been made because the brightness and focus Were found to be 
acceptable at both of blocks 318 and 322, then rerunning the 
tool at block 326 provides no neW information, and the opera 
tions of block 326 may be skipped. 

At block 328 it is determined Whether the re-run tool has 
failed. If not, then operation jumps to block 342 and the 
routine 315 ends (e.g., the tool has been successfully recov 
ered). On the other hand, if the re-run tool fails again, it is 
presumed that the next most likely cause of failure is that the 
tool, or, more speci?cally the region of interest of the tool, is 
not properly positioned or oriented relative to a target edge/ 
boundary to be detected. Therefore, at block 330 the tool is 
repositioned and/or reoriented to the nearest edge feature so 
as to bring the target edge/boundary Within the tool’s region 
of interest. This process Will be described in greater detail 
With reference to FIGS. 4A and 4B beloW. 
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After the repositioning and/or reorienting operations of 

block 330, the tool is again re-run at block 332. At block 334 
it is determined Whether the tool has failed. If not, the tool has 
been successfully recovered so the routine ends at block 342. 
If the tool has failed again, then operation continues at the 
operations of block 336, Where an edge detection threshold 
parameter, such as an edge strength threshold, is adjusted. 
Typically, an edge strength threshold is loWered in the case of 
a tool failure. The use of various types of edge detection 
thresholds that have parameters that are “trained” or set based 
on actual edge images characterized during learn mode 
operations, is common. Such techniques provide parameters 
that tend to indicate the “identity” of an edge, as Well as 
providing parameters or limits that reject edge feature images 
that exhibit gradients that may produce relatively poor edge 
location inspection accuracy. As described fully in the 
QVPAK 3D CNC Vision Measuring Machine User’s Guide 
and the QVPAK 3D CNC Vision Measuring Machine Opera 
tion Guide, incorporated above, an edge detection threshold is 
used to set the threshold level at Which the video tool recog 
nizes a target edge/boundary feature. Speci?cally, an edge/ 
boundary detection tool recognizes a light intensity change as 
an edge/boundary to be detected. Thus, in its simpli?ed form, 
an edge detection threshold de?nes the amount of light inten 
sity change that an edge/boundary detection tool recognizes 
as indicative of the presence of a target edge/boundary. For 
example, if the edge detection threshold is set high, the edge/ 
boundary detection tool recognizes an edge/boundary only 
upon detecting a relatively large amount of light intensity 
change betWeen tWo adjacent regions. Accordingly, When the 
threshold is set high, the tool can detect only a relatively 
Well-de?ned crisp, or “strong” edge, betWeen tWo regions in 
high contrast to each other. On the other hand, if the edge 
detection threshold is set loW, the edge/boundary detection 
tool can recognize even a relatively small amount of light 
intensity change as indicative of the presence of an edge/ 
boundary. Therefore, When the threshold is set loW, the tool 
can detect a not-so-Well de?ned blurred edge, or a “Weak” 
edge, as Well as a strong edge. At block 336 an edge detection 
threshold is loWered on the assumption that the tool has failed 
to recognize a target edge/boundary because the threshold 
Was initially set too high. In general, the higher the edge 
detection threshold is, the more likely it is that an image Will 
support good edge location measurement accuracy, but the 
more frequently the video tool Will fail. Conversely, When the 
threshold is set relatively loW, the video tool rarely fails, but 
the likelihood of accepting false positives (detecting noise as 
edges), or of accepting poor measurement accuracy, is 
increased. Initially, a threshold may be set or trained to accept 
only edge gradients that support the best edge selectivity and 
measurement accuracy. HoWever, in the event of tool failure, 
in many cases a loWer threshold Will alloW the tool to run 
successfully (that is, the threshold limits Will not be violated 
by the edge gradient characteristics), and adequate (but not 
optimal) selectivity and accuracy may still be obtained. 

After threshold adjustment at block 336, at block 337 the 
tool is re-run. At block 338 it is determined Whether the tool 
has failed. If not, the tool has been successfully recovered so 
the routine ends at block 342. On the other hand, if the tool has 
failed again, then at block 340 the routine issues an error 
indicator, Which may be a prompt to the operator (user) to 
recover the tool manually. For example, the reason for the tool 
failure may be a mechanical malfunction that requires user 
intervention. The operator then manually recovers the tool. 

In one alternative embodiment, if a set of recovery opera 
tions fails to provide proper operation of the video tool at the 
operations of block 338, the current video tool may be 
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replaced by a predetermined “substitute” video tool that pro 
vides a similar inspection result. In general a “substitute” 
video tool operates somewhat differently than the tool that it 
replaces and therefore has a chance of operating successfully. 
For example, a conventional edge detection tool that operates 
based on intensity gradients in the Workpiece image may fail 
due to marginal lighting effectiveness, or textured surfaces 
surrounding and obscuring an edge, or the like. In such a case, 
the recovery operations may include replacing the conven 
tional edge detection tool With a boundary detection tool 
based on color or texture variations, or the like. Such a 
“replacement” tool may not be preferred initially because it 
takes longer to execute, or provides loWer-accuracy results, 
for example. For example, one such tool is a robust boundary 
detection tool that is usable to replace conventional edge tools 
is described in the previously incorporated ’986 application. 
If such a tool substitution is made after the operations of block 
338, then the region of interest of the substitute tool is posi 
tioned to replace the region of interest of the previous tool, 
and the tool is run on a current image or a neWly acquired 
image. If the substituted tool operates successfully, then the 
routine ends. OtherWise, the routine 315 is continued (re 
peated) beginning at the operations of block 318. 

FIGS. 4A and 4B each depict a How diagram illustrative of 
a routine for repositioning (Which, in the case of FIG. 4A, may 
included reorienting) a failed video tool relative to a nearest 
edge, Which may be performed at block 330 in some embodi 
ments of the routine 315 shoWn in FIG. 3B. FIG. 4A illus 
trates a routine 401 that may be used to effect repositioning of 
an edge tool, such as a Box tool that detects numerous points 
along an edge (generally a straight edge), or a Point tool that 
generally detects a single point along an edge, to facilitate the 
automatic recovery of such tools. Such tools are exempli?ed 
and described in the QVPAK® softWare discussed above. 
When it is determined that an edge tool should be reposi 

tioned, for example When more likely causes of tool failure 
have been exhausted in an automatic recovery sequence, the 
routine 401 begins operations at block 402, Where edges (or 
edge pixels) are found in a current image, at least in the 
vicinity surrounding the current region of interest. One usable 
edge pixel identi?cation process Will be described in greater 
detail With reference to FIG. 5 beloW. More generally, a 
variety of knoWn edge detection (edge pixel identi?cation) 
methods may be used, for example, the Canny edge detector. 
Several knoWn edge detection methods are exempli?ed and 
described in Chapter 5 of the book Machine ViSiOI’l, by 
Ramesh Jain, et al., McGraW Hill, 1995, incorporated herein 
by reference in its entirety. In various embodiments, the 
detection of edge pixels is con?ned to the vicinity of a tool’s 
region of interest (Which is typically someWhat larger than the 
box de?ning the region of interest of a particular video tool) 
so as to decrease execution time and to prevent unimportant 
(far aWay) image features from in?uencing or confusing the 
identi?cation of the desired edge. Thus, “image” as used in 
reference to FIGS. 4A, 4B, and 5 means a sub-image Within 
the original camera ?eld of vieW. 

Once the edge pixels are identi?ed in the image, at block 
404 operations are performed that reposition the center of the 
tool, or, more precisely the center of the region of interest of 
the tool, to the nearest “strong enough” edge pixel, for 
example a pixel associated With a location that exhibits a high 
gradient value along the direction of the scan of the associated 
edge tool. In some cases, the tool may also be reoriented, if 
rotational misalignment recovery is desired in an application. 
The orientation of a straight edge including the nearest 
“strong enough” edge pixel may be determined, for example, 
by using gradient direction information extracted from the 
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nearest “strong enough” edge pixel or a group of adjacent 
pixels including the “strong enough” edge pixel. After the 
repositioning and/ or reorientation are performed, the routine 
ends. As brie?y described above With respect to an edge 
detection threshold, the strength of each edge can be de?ned 
in terms of an amount of light intensity change betWeen tWo 
adjacent regions de?ning the edge. Thus, an edge detection 
threshold, or gradient threshold, or other edge detection 
parameter, can be set at a suitably high level by default set 
tings, user settings, or settings derived from the edge charac 
teristics during training of the associated tool, so that the tool 
is only repositioned in relation to those pixels associated With 
an edge strength that is su?icient to support proper operation 
of the tool. 

FIG. 4B illustrates a routine 410 that may be used to effect 
repositioning of a curved edge tool, such as a Circle tool or an 
Arc tool. Such tools are exempli?ed and described in the 
QVPAK® softWare discussed above. A circle tool is shoWn in 
FIG. 6. Routine 410 is invoked When it is determined that a 
circle or arc tool should be repositioned, for example When 
more likely causes of tool failure have been exhausted in an 
automatic recovery sequence. The routine 410 begins opera 
tions at block 412, Where edges (or edge pixels) are found in 
a current image, as described for the block 402 in FIG. 4A, for 
example. At block 414 the image is smoothed according to 
knoWn image ?ltering techniques to make its edge pixel gra 
dient directions less noisy. 

Next, at a block 415, a Generalized Hough transform is 
performed. The Generalized Hough Transform is a standard 
tool used in image analysis, Well knoWn in the art, Which 
generally alloWs ?nding patterns (their locations) hidden in a 
large amount of data. Various general aspects of the Hough 
transform technique may be understood from the teachings of 
US. Pat. No. 5,136,660 to Flickner, Which describes a par 
ticular implementation of the technique. Generalized Hough 
transform applications may be further understood by refer 
ring to “Generalizing The Hough Transform To Detect Arbi 
trary Shapes”, by D. H. Ballard, in Pattern Recognition, 
13(2), 1981, pp. 111-122. The basic technique here is to ?nd 
circle/arc patterns that can be parameterized in a suitable 
parameter space of tWo or higher dimensions. 

Speci?cally, at block 416 a [gradient direction, center off 
set] lookup table is prepared corresponding to a circle of 
radius (R1 +R2)/ 2, Where R1 is an inner radius of the region of 
interest boundary of a circle or arc tool and R2 is an outer 
radius of the tool (see, for example, 623A‘ and 623B‘ in FIG. 
6). Such a radius is a reasonable estimate of the radius of the 
edge feature to be located and measured by the tool. By 
gradient direction, We mean here the maximum gradient 
direction, or the nominal radial direction across a circular 
edge, or a portion thereof. The table is indexed by gradient 
direction, that is, by orientation angle in degrees relative to a 
reference axis. 
At block 418 the gradient directions for all edge pixels 

resulting from the operations of blocks 412 and 414 (and not 
for any other pixels in the image) are computed. At block 420, 
for each of the edge pixels, cells in a 2D accumulator array are 
incremented using the [gradient direction, center offset] 
lookup table. Speci?cally, using a straightforWard extension 
to the Generalized Hough transform, incrementing the cells is 
done along line segments connecting the possible centers of 
the circle (along the gradient direction) on both sides of the 
current edge pixel. The possible center positions are com 
puted using the center offset vector from the lookup table for 
the gradient direction computed for the current edge pixel. 
The vector is added to the current pixel’s coordinates to 
obtain the ?rst potential circle center and subtracted to obtain 
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the second potential circle center. Considering tWo potential 
circle centers on both sides of the edge accounts for tWo 
possible edge slopes or polarities, one associated With a rising 
intensity along a scan direction across the edge, and the other 
associated With a falling intensity across the edge. 

Using line segments instead of incrementing single cells in 
the accumulator array alloWs this particular algorithm to ?nd 
circles or arcs With radii that are slightly different from the 
nominal estimate of (R1+R2)/2. Thus, the Hough transform 
for circles or arcs, in this example, effectively uses a three 
parameter space: the 2D accumulator array to de?ne a posi 
tion, and circle radius ?exibility (the third parameter). The 
transform is achieved by generating values corresponding to 
line segments, instead of points, in the 2D accumulator array. 
At block 421 the 2D accumulator array (Which may be 

thought of as a parametric image) is thresholded to remove 
from further consideration all cells that accumulated insig 
ni?cant values in the operations of block 420. Cells With loW 
values do not lie on features having the expected siZe and 
shape. Both the original and the thresholded 2D accumulator 
arrays are stored for further reference. 

At block 422 morphological closing operations (dilation 
folloWed by erosion) are run on the thresholded 2D accumu 
lator array to close holes in regions. At block 424 connected 
components (regions) in the thresholded 2D accumulator 
array are identi?ed according to knoWn image processing 
methods (region labeling methods, or the like) and the corre 
sponding “pixels” are labeled to indicate their membership in 
a particular connected region. At block 426 the centroid of 
each connected region is determined based the addresses of 
its labeled pixels, and the values of all cells corresponding to 
(that is, congruent With) the connected region in the original 
2D accumulator array are summed to provide a “number of 
votes” that indicate hoW strongly they agree With the expected 
radius and shape of the feature to be located. 

At block 428 all the connected regions (i.e., the candidate 
circle centers) are ranked based on their respective number of 
votes (sums of votes in each region) and distance (of their 
centroid) from the current tool center. For example, the values 
for the numbers of votes and the distances may be normaliZed 
to the same numerical range, and then for each respective 
connected region its respective normaliZed number of votes 
and normalized distance may be summed to provide its quan 
titative ranking value. At block 430 the tool is repositioned 
such that the center of its associated circle is positioned at the 
centroid of the connected region having the highest ranking 
value, i.e., to align With the most probable center of the 
misaligned feature to be analyZed by the tool. Then the rou 
tine ends. 

FIG. 5 is a How diagram illustrative of one possible routine 
500 that is usable for ?nding edges (or edge pixels) in an 
image, Which may be performed at block 402 in some 
embodiments of the routine 401 shoWn in FIG. 4A, and/ or at 
block 412 in some embodiments of the routine 410 shoWn in 
FIG. 4B. At block 502 the image is smoothed, for example by 
using an averaging ?lter, to improve histogram modality for 
images that include highly-textured surfaces. At block 504 a 
grayscale histogram of the image is computed and smoothed. 
At decision block 506 it is decided Whether the grayscale 
histogram has distinct modes (i.e., isolated groups of values 
that re?ect pixel values that occur most often in the image). If 
so, at block 508 a threshold is found based on the histogram 
modes (automatic thresholding), and the threshold is applied 
to the image to produce a binary image that better de?nes the 
distinct regions (objects or features) corresponding to one or 
both of the isolated groups of values of the histogram. Oth 
erWise, if at block 506 it is determined that the grayscale 
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histogram does not have distinct modes, the operations at 
block 507 are performed to compute a gradient image, for 
example by using a Sobel operator, and a suitable threshold is 
applied to the gradient image to produce a binary edge image. 

Regardless of Whether the operable binary image is deter 
mined by the operations of block 507 or 508, at block 510 
morphological closing operations (dilation folloWed by ero 
sion) are run on the binary image to close holes in the distinct 
regions (objects or edge features). 

At block 512 connected regions are de?ned in the morpho 
logically ?ltered binary image resulting from the operations 
of block 510 and the connected regions are siZe-?ltered so as 
to remove any irrelevant regions that are smaller than a certain 
siZe threshold. At block 514 pixels at the boundaries of the 
remaining connected regions are identi?ed as edge pixels and 
the routine ends. When the Sobel operator is used as outlined 
above, it is technically the “centerlines” of the remaining 
connected regions that best correspond to edge pixels in the 
image. HoWever, such connected regions Will be very narroW, 
and identifying pixels at their boundaries as edge pixels Will 
not signi?cantly affect the results of subsequent operations 
that use the edge pixels for the purposes of this invention. 

In accordance With various exemplary embodiments of the 
present invention, an automatic tool recovery method is prac 
ticed by an automatic tool recovery computer program 
including computer-executable instructions, Which may be 
loaded to the control system portion 120 of a precision 
machine vision inspection system (see FIG. 2). In various 
embodiments, the automatic tool recovery computer program 
may be included in the video tool portion 143 of the memory 
140 of the control system portion 120. The recovery program 
can either be associated With a video tool (merged to be an 
integral part of each video tool functionality) or it can be 
“separated” from the video tools and invoked When any of 
them fails. In either case, When such a program is associated 
With the operation of a video tool, the video tool becomes 
highly robust in that it becomes capable of automatically 
recovering itself upon encountering a failure. 

In accordance With various exemplary embodiments of the 
present invention, a set of automatic tool recovery instruc 
tions is con?gurable by a user. FIG. 6 is a sample screenshot 
from a video display illustrating one example of a user inter 
face that permits user con?guration (or customization) of a set 
of automatic tool recovery instructions, as Well as an auto 
matic repositioning of a Circle tool relative to a circular 
feature in an image. In FIG. 6 a video display 601 includes an 
image WindoW 603 that shoWs a circle feature 602 to be 
inspected, a message WindoW 605, and a control panel 607. 
The control panel 607 includes an image characteristic value 
panel 610 that is displaying relevant image characteristic 
values that have been calculated based on the analysis of an 
image, such as image focus and brightness, Which may be 
useful for the reference of skilled users. The control panel 607 
further includes a recovery type selection panel 608, a toler 
ance speci?cation panel 609, and a recovery trial command 
panel 611. 

The recovery type selection panel 608 permits a user to 
select one or more types of adjustments to be performed by an 
automatic tool recovery computer program. In the illustrated 
example, four types of adjustments, “Light,” “Focus,” “Posi 
tion (of the tool relative to an image feature),” and “THS (an 
edge strength threshold),” are selected. Thus, the resulting set 
of automatic tool recovery instructions Will be con?gured to 
automatically perform each of these types of adjustments, for 
example as outlined previously for various routines that 
include such adjustments. The user can inactivate any of these 
adjustment types by altering the associated checkboxes, 
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depending on each application. For example, the user can 
inactivate the “Position” and “THS” adjustments so that the 
automatic tool recovery computer program Will perform only 
the “Light” and “Focus” adjustments (if needed). 

The tolerance speci?cation panel 609 permits a user to 
specify a general tolerance level for each of the adjustment 
types (e.g., “Light,” “Focus,” “Position,” and “THS” in FIG. 
6). Speci?cally, each of the various types of adjustments has 
a range of possible settings that can be used during the recov 
ery process, and the tolerance level effectively speci?es What 
percentage (part) of this range is used during the tool recov 
ery. In the illustrated example, the tolerance speci?cation 
panel 609 alloWs each tolerance to be set as “LoW,” 
“Medium,” or “High.” A “LoW” tolerance means that a rela 
tively small part of the total possible adjustment settings is 
alloWed to be used to bring a given parameter (lighting, focus, 
tool position etc.) to the acceptable value, While a “High” 
tolerance means that a relatively large (or the entire) range of 
the possible adjustment setting is alloWed to be used to bring 
a given parameter to the acceptable value. The name “toler 
ance”, in this context, means the limits that are set for the 
various parameter search ranges that are used When attempt 
ing to successfully adjust the various feature inspection 
parameters during tool recovery operations. In general, an 
adjustment With a loW tolerance tends to take a shorter period 
of time, because the parameter search range is smaller. HoW 
ever, loW tolerance also implies higher likelihood of recovery 
failure, because it may be impossible to ?nd suitable param 
eter adjustments Within the limited parameter search range. 
Thus, When the user Wishes to speed up the automatic tool 
recovery process and is Willing to accept an increased likeli 
hood of recovery failure, the user may select a “LoW” toler 
ance level for this type of adjustment. On the other hand, if a 
higher probability of effective parameter adjustment is 
desired, and the user accepts that the adjusted parameter 
values may differ signi?cantly from the parameter values that 
caused the tool failure, and that the recovery speed may be 
sloWer, the user may select a “High” tolerance level for this 
type of adjustment. It should be understood that the tolerance 
level may be set in various other Ways, using various other 
formats or interface Widgets, and is not limited to the particu 
lar embodiment illustrated in FIG. 6. For example, instead of 
three options (“LoW,” “Medium,” and “High”) to choose 
from, more or feWer options may be presented to the user. As 
another example, the tolerance speci?cation panel 609 may 
prompt a user to enter a numeric value to specify an exact 
tolerance value. 

The recovery trial command panel 611 may be used to run 
a preliminary test of a particular con?guration of a set of 
automatic tool recovery instructions, so that a user can evalu 
ate the ef?cacy of the con?guration. For example, a user may 
intentionally de?ne and position a tool, such as the circle tool 
620 shoWn in FIG. 6, “out of position”, and intentionally 
misadjust a light setting, etc., and then activate the “Recover 
Circle Tool” button in order to run the tool and the current 
con?guration of the automatic tool recovery instructions. If 
the recovery is successful, the lights Will be properly adjusted, 
and other feature inspection parameters Will be properly 
adjusted, and the tool Will run successfully, as indicated by the 
“TOOL OK! . . . ” message in the message WindoW 605. The 

repositioned circle tool 620' is displayed along With the origi 
nal circle tool 620, so that the user can see the initial and 
adjusted positions of the tool on the display image, relative to 
the circle feature 602.As shoWn n FIG. 6, the recovered circle 
tool 620' is positioned such that its region-of-interest inner 
radius 623A‘ and outer radius 623B‘ encompass the edge of 
the circle feature 602 that is to be inspected. 
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In various exemplary embodiments of the present inven 

tion, the automatic tool recovery computer program is further 
con?gured to keep track of its operation, i.e., to gather infor 
mation such as What types of tools have failed, for hoW many 
times, and further, for each tool failure, What types of adjust 
ments Were required to recover the tool. A suitable number of 
counters may be provided to carry out the tracking operation. 
The history of tool failure and recovery can be recorded and 
analyZed by a user, for example, to investigate the frequent 
causes of a tool failure. 

While preferred and exemplary embodiments of the inven 
tion have been illustrated and described, it Will be appreciated 
that various changes can be made therein according to the 
principles of this invention Without departing from the spirit 
and scope of the invention. 
The embodiments of the invention of Which an exclusive 

property or privilege is claimed are de?ned as folloWs: 
1. A method for automatically recovering a failed video 

tool in a precision machine vision inspection system, Wherein 
the video tool fails based on an initial set of feature inspection 
parameters used for acquiring a Workpiece feature image and 
operating the video tool to inspect the Workpiece feature in 
the image, 

the method comprising: 
(a) upon detecting the video tool failure, evaluating at 

least one feature inspection parameter based on an 
analysis of the Workpiece feature image; 

(b) for the at least one feature inspection parameter 
evaluated based on the analysis of the Workpiece fea 
ture image, determining Whether the feature inspec 
tion parameter falls Within a prede?ned acceptable 
range for that feature inspection parameter; and 

(c) if in step (b) it is determined that the feature inspec 
tion parameter falls outside the prede?ned acceptable 
range, automatically adjusting at least one member of 
the initial set of feature inspection parameters to pro 
vide a replacement set of feature inspection param 
eters that cause the video tool to operate successfully. 

2. The method of claim 1, Wherein the at least one feature 
inspection parameter evaluated based on the analysis of the 
Workpiece feature image comprises at least one image char 
acteristic. 

3. The method of claim 2, Wherein if at least one image 
characteristic falls outside of its prede?ned acceptable range, 
then automatically adjusting at least one member of the initial 
set of feature inspection parameters comprises adjusting at 
least one image acquisition parameter to bring each image 
characteristic Within its prede?ned acceptable range. 

4. The method of claim 3, Wherein adjusting at least one 
image acquisition parameter to bring each image character 
istic Within its prede?ned acceptable range comprises adjust 
ing at least one lighting parameter to bring a brightness char 
acteristic Within its prede?ned acceptable range. 

5. The method of claim 3, Wherein adjusting at least one 
image acquisition parameter to bring each image character 
istic Within its prede?ned acceptable range comprises adjust 
ing at least one focus parameter to bring a focus characteristic 
Within its prede?ned acceptable range. 

6. The method of claim 3, Wherein adjusting at least one 
image acquisition parameter to bring each image character 
istic Within its prede?ned acceptable range comprises: 

?rst adjusting at least one lighting parameter to bring a 
brightness characteristic Within its prede?ned accept 
able range; and 

folloWing the ?rst adjustment, secondly adjusting at least 
one focus parameter to bring a focus characteristic 
Within its prede?ned acceptable range. 








